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In November 2018, the news reached the world that two children 
had been born in China whose genomes had been altered using 
CRISPR technology, a new technology for genome editing that at 
that time had only been available for six years. The news that the 
technology had been used to make heritable changes in humans up-
set many people. However, few seemed surprised that it had been 
possible in purely technical terms. On the contrary, the enormous 
potential of the CRISPR technology has been clear from the start. 
Consequently, it has also been clear that there is a great need to 
discuss the many ethical issues that this technology raises, in partic-
ular as regards the potential for using it in humans. 

The issue of the CRISPR technology was highlighted in the 
Swedish National Council on Medical Ethics (Smer) in 2015. Smer 
(hereinafter also ‘the Council’) along with the Swedish Gene Tech-
nology Advisory Board and RIFO1, held a seminar in the Riksdag 
(the Swedish Parliament) on the technology and the potential for 
using it to edit the human genome. Smer has subsequently organised 
a number of seminars on the topic. Genome editing has also been 
discussed in various Smer publications. In light of the rapid develop-
ments in this field, in autumn 2019 Smer decided to produce a report 
to provide a detailed description of the current state of knowledge, 
and an analysis of the ethical issues raised by genome editing in 
humans, both heritable and non-heritable. The aim of the report is 
to provide a basis for future regulation and practice and to stimulate 
social debate. The report also makes a number of recommendations 
with the aim of creating good conditions for realising the potential 
of genome editing technology to promote human health, functional 
ability, and quality of life; while also addressing the potential risks 

 
1 RIFO brings together Members of Parliament and researchers. 



 

 

that the technology could pose to individuals, specific groups, and 
the community at large. 

The report was prepared by a working party in Smer consisting 
of members Michael Anefur, Dag Larsson and Lina Nordqvist, as well 
as expert members Lilas Ali, Nils-Eric Sahlin och Titti Mattsson. The 
secretaries were Lotta Eriksson (Secretary general) and Michael 
Lövtrup (Research officer). Nils-Eric Sahlin, professor of medical 
ethics and expert member of Smer, had a special task in preparing 
the report where he assisted the secretariat in drafting the report. 

The decision to adopt the report was taken by the Council in 
March 2022. 

This translation of the summary of the report is an unofficial 
translation published in April 2022. 
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Summary 

Genome editing means making targeted changes in the genome. 
Techniques for making such changes have existed for a few decades 
now, and have been of great importance, especially for our ability to 
understand the function of different genes and the proteins they 
encode. However, until recently the types of changes that have been 
possible to achieve have been limited, and the methods cumbersome 
and time-consuming. With the advent of the CRISPR technology, 
introduced in 2012, genetic engineering has undergone a revolution. 
Compared to previous genome editing techniques, CRISPR is much 
simpler and more flexible to use. This has led to CRISPR becoming 
the dominant genome editing technology in a short space of time. 

There are high hopes for the potential of this new genome editing 
technology to improve health, well-being, and quality of life. In medi-
cal research, clinical trials are in progress on new therapies for cancer 
and genetic blood disorders. Other examples of potential appli-
cations in medicine are new types of antibiotics and genetically 
modified animals for organ transplants to humans. In agriculture and 
food production, the technology can be used to create animals and 
crops that are more resistant to disease or give higher yields. The 
production of drugs, biofuels and other biological or chemical sub-
stances are further examples of conceivable industrial applications. 

While genome editing offers great possibilities, it can also entail 
risks of various kinds. The technology can be used for undesirable 
purposes. Harmful effects could arise as a result of changes occurring 
in the genome other than those intended, or because we lack know-
ledge about the effects of the changes made. But the technology can 
also have consequences beyond the concrete contexts in which it is 
used. Genome editing is a potentially transformative technology – 
that is, a technology that has the potential to transform society in 
profound ways, affecting practical aspects of social life as well as 
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social relationships, values, and ultimately how we view ourselves as 
humans, particularly if we were to start using the technology to alter 
our own genetic foundations. 

Genome editing, particularly in humans, therefore raises ethical 
questions that affect both the individual and the community as a 
whole. They concern what kind of people we want to be, what kind 
of society we want to live in, and what values should guide us in 
adopting a position on the opportunities and risks of the technology. 
Since this is a technology that is still largely in its infancy and whose 
potential future applications and implications may be difficult to fore-
see, another key question is what position we should adopt in relation 
to our present lack of knowledge. 

The Swedish National Council on Medical Ethics’ mission is to 
analyse medical ethics issues from a societal perspective. The Council 
has produced this report on the ethical aspects of genome editing in 
humans, heritable as well as non-heritable, on its own initiative. The 
aim of the report is to provide a basis for future regulation and 
practice and to stimulate social debate. 

Terminology 

For a change in the genome to be heritable, the change must take 
place in cells in the germline. The germline comprises gametes (sperm 
cells and egg or ovum cells), the fertilized egg or zygote, and all cells 
in the cell line from fertilized egg to gametes, including the stem 
cells that generate gametes – spermatogonial stem cells (SSCs) and 
ovarian stem cells (OSCs). Although all changes in the germline in 
theory can be inherited, in this report the term heritable genome 
editing refers mainly to changes in the germline where the purpose 
is that the cells will develop into humans. The term thus does not 
cover preclinical research on gametes and embryos. 

Cells that are not part of the germline are called somatic cells. 
Changes in the genome of somatic cells, whether they have arisen as 
a result of genome editing or spontaneous mutation, are not heri-
table. Genome editing in somatic cells is called somatic genome editing. 
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Previous investigation of the question in Sweden 

Government inquiries 

Genetic engineering, genome editing and gene therapy, in humans 
as well as in other organisms, have been addressed in a number of 
commissions of inquiry since the 1980s. Concerning interventions 
in somatic cells, the focus has been on applications in healthcare, 
while interventions for non-therapeutic purposes have not been 
addressed at all or only very fleetingly. The general assessment in 
these inquiries has been that, from an ethical point of view, medical 
therapies based on somatic genome editing are not substantially 
different from other medical therapies. The anticipated benefit must 
outweigh the risks and the therapies must be based on informed con-
sent. No bans or restrictions have been proposed. 

However, heritable genome editing has been seen as more prob-
lematic from an ethical point of view in these inquiries. A question 
raised in many of them is whether heritable genome editing in humans 
constitutes a violation of the individual’s right to ‘genetic integrity’, 
that is, the right to be born without a manipulated genome. It has 
been seen as crucial that the technology should not start being used 
before its ethical aspects have been thoroughly investigated. In order 
to guarantee this, several of the inquiries have suggested that heri-
table genome editing should not be permitted for the time being. In 
practice, a ban on gene therapy on gametes was introduced back in 
1991 – a ban which was reiterated and clarified in 2006 in the Genetic 
Integrity Act (2006:351). 

Smer’s previous work concerning changes in the human genome 

Since its inception in 1985, the Council has regularly addressed 
issues related to changes in the human genome and gene therapy, 
including in consultation responses to government inquiries, in 
publications and at seminars. 

In 2013, the Council addressed the issue of mitochondrial re-
placement therapy in a report. A majority of the members of the 
Council agreed that it can be ethically acceptable to make changes in 
mitochondrial DNA to prevent serious hereditary diseases if the 
medical risks can be deemed acceptable. 
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In 2015, the Council commented on the new possibilities of 
editing the human genome opened up by the CRISPR technology. 
Smer was positive to the possibilities of the technology, especially 
with regard to somatic gene therapy for severe diseases. According 
to the Council, research carried out on fertilized eggs could also 
provide valuable knowledge about infertility and stem cell therapy, 
for example. Regarding clinical trials involving heritable genome 
editing, the Council felt that the current regulation of genetic engi-
neering research in Sweden was well balanced, and pointed out that 
the research community should proceed cautiously with research 
aimed at introducing heritable changes in nuclear DNA. In view of 
the gaps in knowledge about the medical risks and other possible 
effects, the Council felt that it was far too early to carry out such 
clinical research trials at that time. 

Genetic engineering was also addressed in a written communica-
tion to the Swedish Government in June 2018, in which Smer pointed 
out that the regulatory framework needs to be reviewed in light of 
the new possibilities for genome editing, but also gave other reasons 
why the legislation ought to be reviewed. 

Medical background 

CRISPR technology 

Techniques for making targeted changes in the genome, such as 
‘knocking out’ (disabling) individual genes, have existed for a few 
decades and have been an important tool for increasing our know-
ledge about genes and the functions of the proteins they encode, and 
thus their role in the development of disease, for example. However, 
the types of changes that have been possible were limited, and the 
methods both cumbersome and time-consuming. This changed radi-
cally in 2012 when the CRISPR technology was developed. The tech-
nology is based on a protein (Cas9) cutting both strands of the DNA 
molecule at a specific location guided by an RNA molecule (guide 
RNA) attached to the Cas9 protein. The cell’s own ability to repair 
damaged DNA is then harnessed to bring about the change in the 
DNA sequence. It is easy to program where the change will take 
place in the genome by replacing the guide RNA. Not only has this 
technology made it easier and faster to edit individual genes, but it 
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also makes it possible to edit several different genes in the same cell, 
either simultaneously or in succession, as well as make changes at 
the chromosome level. 

Difficulties and problems 

Avoiding changes occurring in the genome other than those intended, 
and thus running the risk of introducing new harmful mutations, is a 
technical difficulty associated with editing genes using the CRISPR 
technology. Unintended changes include ‘wrong’ changes at the ‘right’ 
location in the genome (on target) and changes elsewhere in the 
genome than at the intended location (off target). The risk of unde-
sirable changes is particularly great if several genes are edited at the 
same time. One way to reduce the risk of undesirable effects is to 
avoid cutting both strands of the DNA during editing. In recent 
years, new CRISPR-based methods have been developed that do not 
cut the DNA at all, or just one strand. 

Another technical challenge is to avoid mosaicism, which occurs 
when only some of the cells get the desired change. Mosaicism can 
occur in genome editing in the early stage of an embryo’s develop-
ment if the editing process is not 100 per cent effective, meaning that 
some cells are changed, and others are not. 

Another difficulty is being able to predict the effects of the changes 
to be made in order to be sure that their positive effects outweigh any 
negative effects. This is because genes can affect the organism in 
many different ways. A gene variant that reduces the risk of a par-
ticular disease or enhances a particular characteristic may simul-
taneously increase the risk of other diseases or adversely affect other 
characteristics. Genome editing therefore requires a good knowledge 
of what the different effects of a gene are in the body, and how the 
gene interacts with other genes and with non-genetic factors. This 
knowledge is currently limited, which can constitute an equally 
important limitation on the possibilities of applying genome editing 
broadly as the technical difficulties. 
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Human applications of genome editing 

Somatic genome editing 

Somatic genome editing is considered to have great potential in 
treating and preventing severe rare diseases as well as major endemic 
diseases. Therapies could target mutations that give rise to disease, 
but also, for example, genes that affect how effectively the body 
combats disease. In the first phase, initiatives to change single genes 
are probably the most likely to emerge, while therapies targeting 
multiple genes are more complicated and currently not deemed to 
meet technical and knowledge-related safety requirements. 

Since the development of the CRISPR technology, the number 
of clinical studies based on somatic genome editing has risen signifi-
cantly. Today, just over a hundred clinical studies based on somatic 
genome editing have been registered worldwide. Early positive results 
in terms of safety and efficacy have been published from a small 
number of these studies. 

In general, the studies focus on knocking out genes, which requires 
less precision than ‘correcting’ genes. Most of the studies are based 
on cells being taken out of the body, treated and then returned (ex 
vivo editing). This makes it possible to check what changes have 
occurred, and to avoid returning any cells that contain undesirable 
changes. Cells of the immune system and other blood cells are exam-
ples of cells that can be changed in this way. Many of the ongoing 
studies aim to change the patient’s immune system to make it more 
effective in combating cancer cells. 

It is much more difficult in cases where the gene editing has to 
be done directly in the body (in vivo editing), as is the case with most 
cell and tissue types. The main challenges are delivering the CRISPR 
system to the right organ and ensuring that there are no unintended 
changes that could harm the patient. However, attempts to edit 
genes directly in the body have been made, for example to treat a 
hereditary eye disease. 

Although the focus today is on the treatment and prevention of 
disease, technological advances have also highlighted the possibility 
of using somatic genome editing for non-medical applications, such 
as to alter physical characteristics, mental characteristics or personality 
traits. Since the technical and knowledge-related difficulties may be 
greater, while the benefits are generally lower, clinical studies of such 
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interventions are currently not deemed to meet requirements of an 
acceptable balance between possible benefit and risk. However, 
methods of genome editing are developing rapidly, and should they 
become more precise in the future, while knowledge of the functions 
of our genes in different types of tissue has increased, this balance 
could change. Furthermore, it is conceivable that methods deve-
loped for therapeutic or preventive purposes could also be used to 
change characteristics (dual use). 

Heritable genome editing 

Three potential key purposes for heritable genome editing in humans 
can be identified: to get genetically related children where there is a 
risk of a (serious) genetic disorder; to bring about genetic enhance-
ments in the child; and to get genetically related children in the case 
of genetic infertility. 

Genome editing when there is a risk of a serious genetic disorder 
refers to changes where the focus is on avoiding the child getting 
one or more gene variants that are linked to a serious disorder (some-
times this is referred to as ‘correcting’ the disorder genes). The gene 
variant the child gets instead is assumed to be of secondary impor-
tance. Initially, the purpose that many consider might be relevant is 
to enable couples carrying gene variants that can cause a serious 
monogenetic disease to get genetically related children who are 
healthy. In heritable genome editing for enhancement purposes, 
changes aim at introducing one or more specific gene variants that 
are assumed to be associated with a desired enhancement, for example, 
increased protection against a particular disease or enhancement of a 
certain physical or mental characteristic. In heritable genome editing 
in the case of genetic infertility, the aim is to 'correct' mutations that 
inhibit the production of gametes. 

In germline genome editing, the changes that occur can affect all 
types of tissue and stages of development and in addition future 
generations will be able to inherit them. In these situations, it is 
particularly important to avoid unintended changes and mosaicism. 

The first study involving genetically modified embryos was pub-
lished in 2015. Since then, a number of additional studies have been 
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published. Both mosaicism and various unintended changes have 
been observed in these studies. 

International outlook 

Since Emmanuelle Charpentier and Jennifer Doudna first described 
the CRISPR technology in 2012, the new method of genome editing 
has been widely discussed worldwide. A number of scientific confer-
ences have been held and a large number of opinions and recom-
mendations have been published on the ethical and regulatory dimen-
sions of the issue. In addition to opinions and reports from various 
advisory bodies and organisations, there is a rapidly growing body 
of academic literature on genome editing, its ethical implycations, 
and what kind of regulation is needed. 

Today, there is a general consensus among decision-makers and 
in the scientific community that it is too early to conduct clinical 
trials of heritable genome editing in humans. On the other hand, 
there are divergent opinions as to whether heritable genome editing 
should be carried out at all in the future, and if so, in what cases and 
under what circumstances. Some argue that if the technology proves 
usable without medical risks for the individual and future generations 
and is applied for ‘laudable’ purposes, it may be ethically acceptable, 
while others advocate a permanent ban on the technology. 

Common denominators in many of the reports and opinions 
published by scientific committees, international organisations and 
national ethics committees are as follows: 

– It is too early to carry out heritable genome editing on humans 
and there should be a ban in place at least until there is a robust 
knowledge base concerning the risks and opportunities of the 
technology, and until regulatory frameworks and guidelines for 
the use of the technology have been developed. 

– There should be global cooperation on regulatory frameworks 
and guidelines in this area, in order to set limits and promote 
good practice. 

– It is appropriate to establish functions for global monitoring of 
the research currently being done in this area. 
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– There is a need for community debate on a broad front con-
cerning how we should use genome editing in humans. 

Citizens’ dialogues and attitudes in the community 

Over the past 10 years, there has been an increasing focus on the 
importance of citizens’ dialogues prior to decisions on future policies 
in biomedicine as well as other areas. 

Citizens’ dialogues are an activity where representatives from the 
public interact with researchers, stakeholders and decision-makers 
in various contexts to consider issues relevant to future policy deci-
sions. 

The EU-funded project ORION Open Science has carried out a 
project that held citizens’ dialogues in four countries – Germany, 
the UK, Spain and Sweden – with a focus on genome editing. The 
outcome of these dialogues showed that knowledge about the new 
technology was relatively poor among the participants in all these 
countries. The participants were generally in favour of basic research 
in the field. In all these countries, the participants were in favour of 
various applications in the field of somatic genome editing for medi-
cal purposes, in particular the possibility of treating serious genetic 
disorders. In all these countries, the participants saw risks with 
heritable genome editing, and applications of the technology for 
cosmetic purposes were highlighted as unnecessary. The risks asso-
ciated with the technology such as safety, equal access to the tech-
nology, as well as other ethical issues and the implications for the 
environment were highlighted in all these countries’ dialogues. 

As part of working on this report, Smer held citizens’ dialogues 
with upper secondary school students with the aim of capturing 
young people’s attitudes to genome editing in humans. All the young 
people were in favour of somatic genome editing to treat and cure 
diseases, while the vast majority of the participants were not in favour 
of using the technology to enhance humans already born. Concerning 
genome editing of gametes and fertilized eggs, many of the young 
people were cautiously in favour of a strict future medical appli-
cation of the technology to avoid serious genetic disorders in future 
individuals, while they were strongly critical of using the method to 
enhance characteristics. 



Summary Smer 2022:1 

12 

Regulatory framework 

Heritable changes in the human genome 

Under the Swedish Genetic Integrity Act, it is prohibited to carry out 
experiments for the purposes of research or treatment that entail 
genetic changes that can be inherited in humans. Furthermore, treat-
ment methods that are intended to bring about genetic changes that 
can be inherited in humans may not be used. A fertilised egg that has 
been used for an experiment for purposes of research or treatment 
(whether the experiment concerned genome editing or something 
else) may not be introduced into a woman’s body. This prohibition 
also covers situations where the egg, before fertilisation, or the sperm 
used for fertilisation have been used for such an experiment, or if the 
egg has been subject to somatic nuclear transfer. Mitochondrial 
replacement is therefore not permitted. 

Research 

In many instances, research into genome editing falls under the 
Swedish Act concerning the Ethical Review of Research Involving 
Humans (2003:460). For example, this applies to research involving 
a physical procedure on a research subject, or research using biological 
material derived from a human being. Such research must be approved 
by the Swedish Ethical Review Authority, which may only approve 
research that can be carried out with respect for human dignity and 
fundamental rights, and only if the risks that the research may pose 
for the health, safety and privacy of the research subjects are out-
weighed by its scientific value. The Act also contains provisions re-
garding information and informed consent. Preclinical research con-
cerning genome editing of non-human cells is not covered by the Act. 

Somatic treatments in health and medical services 

Where somatic genome editing therapies are provided within the 
healthcare system, they are subject to the provisions governing 
health and medical services in general. This means, for example, that 
the care should be of good quality, based on respect for the patient’s 
self-determination and integrity, and should be consistent with 
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science and proven experience. For a genome editing procedure to be 
covered by the health and medical services legislation, its purpose 
must be to medically prevent, investigate or treat diseases and injuries. 
Enhancement procedures that are not related to disease or injury 
therefore fall outside the scope of the healthcare system. 

Somatic treatments outside the healthcare system 

Somatic genome editing therapies that do not constitute health and 
medical services may in some cases be subject to the Swedish lag 
(2021:363) om estetiska kirurgiska ingrepp och estetiska injektions-
behandlingar [the Act on cosmetic surgical procedures and injection 
treatments]. This means that the treatments should be based on 
science and proven experience and entails requirements on the prac-
titioner to have certain skills, knowledge and insurance. The regulatory 
framework covers surgical procedures and injection treatments in-
tended to alter or preserve the appearance of a human being and 
carried out in a commercial activity. For treatments that are not 
carried out commercially or that affect a person’s abilities rather 
than their appearance (for example, cognitive abilities), there are no 
corresponding requirements. For products and services provided to 
consumers, the Swedish Product Safety Act (2004:451) requires that 
products or services do not carry any risk to human health or safety, 
or entail only a low risk, and that consumers are provided with the 
safety information they require to assess the risks associated with 
the product or service and to protect themselves against these risks. 
Products that comply with the requirements set out in the Act can 
be marketed to consumers; measures in the form of injunctions and 
prohibitions are generally taken retrospectively. 

Medicinal products 

Regulation in the area of medicinal products is governed largely by 
EU law. For substances or combinations of substances that fulfil the 
definition of a medicinal product, there are requirements concerning 
clinical trials and approvals which inter alia aim to protect clinical 
trial subjects and to assure the quality, safety and efficacy of medic-
inal products. According to an overview of the law which Smer com-
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missioned as part of this report, taking into account the definition 
of the term ‘medicinal product’ and the case law of the European 
Court of Justice, it is arguable that a health-enhancing effect is 
required for a product to be covered by the term ‘medicinal product’. 
This means that products that lack such an effect risk falling outside 
the scope of the regulation governing medicinal products in EU law. 

For ‘gene therapy medicinal products’, special provisions apply. 
Inter alia these products are subject to the centralised procedure 
rules, which means that they are approved for sale throughout the 
EU after assessment by the European Medicines Agency. It has been 
argued that EU law defines ‘gene therapy medicinal products’ in a way 
that procedures using the CRISPR technology risk falling outside this 
definition. 

The Oviedo Convention 

According to the Convention for the Protection of Human Rights 
and Dignity of the Human Being with regard to the Application of 
Biology and Medicine, known as the Oviedo Convention, an inter-
vention seeking to modify the human genome may only be under-
taken for preventive, diagnostic or therapeutic purposes and only if 
its aim is not to introduce any modification in the genome of any 
descendants. Procedures with the purpose of modifying genetic char-
acteristics not related to a disease (such as enhancement of charac-
teristics) are prohibited. The Oviedo Convention is binding on the 
states that have ratified it. Sweden has signed but not ratified the 
Convention. By signing the Convention, Sweden has undertaken 
not to act in ways that run counter to the purpose of the Convention. 

Ethical considerations 

Somatic genome editing 

Medical applications 

According to Smer’s assessment, treatment methods based on somatic 
genome editing have great potential for improving health and health 
equity in the population by treating or preventing severe rare 
diseases as well as major endemic diseases. 
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In somatic genome editing, the changes are made in an individual 
who already exists and who can give their informed consent. The 
changes are not passed on to future generations. Thus, many of the 
difficult questions concerning autonomy and integrity that can be 
relevant in heritable genome editing do not arise in somatic genome 
editing. 
 

From a patient perspective, Smer argues that somatic genome 
editing for medical purposes does not in principle differ from 
other methods of treating or preventing disease. Alongside the 
requirement for informed consent from the individual, the crucial 
question is the balance between anticipated benefit and risk. 

 
However, new emerging technologies can have effects beyond the 
concrete contexts in which they are used that reshape social relation-
ships, values and how we view our humanity. One fear that has been 
raised is that if somatic genome editing becomes an established 
treatment for genetic disorders, individuals with such disorders who 
cannot be treated risk further marginalisation and discrimination. 
Another misgiving, should it become possible to ‘correct’ gene variants 
that cause genetic disorders, is that it could lead to us starting to seek 
‘technological’ solutions to the task of creating a society with equal 
opportunities – that the focus would shift from adapting society to 
people with a range of abilities to adapting people to society. 
 

Although these risks do not constitute grounds for refraining 
from developing therapies with great potential patient benefit, 
the Council’s view is that, when new treatment methods are 
developed and introduced, there is a need to take into account the 
broader social implications in a way that does not always happen 
today. This need may be particularly pronounced in the case of 
therapies based on somatic genome editing, since it may also be 
possible to use some methods used for treating or preventing 
disease to enhance characteristics without a medical purpose 
(dual use), something that entails particular ethical risks. 
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Non-medical applications 

Although currently the focus is on treating disease, somatic genome 
editing could potentially also be used to ‘enhance’ characteristics 
where there is no medical purpose, for example to influence tem-
perament, social faculties or other faculties that have a bearing on 
the individual’s well-being and their opportunities for achieving 
various goals in life. 

Somatic genome editing in humans to enhance characteristics 
without a medical purpose could potentially benefit both individuals 
and the community at large. But genome editing to enhance charac-
teristics can also pose significant risks to society. Unequal access to 
such treatments could lead to greater inequalities in society. Genome 
editing to enhance characteristics could lead to norm shifts and less 
tolerance of those ‘less than perfect’, and to stigmatization of those 
who cannot, or who cannot afford, or do not wish to undergo such 
treatment. In the long term, such a development could pose a threat 
to human dignity and the idea that every human being deserves 
respect for who they are, just as they are. 
 

Smer is of the opinion that great importance must be attached to 
the potential risks to human dignity and other basic social values 
that somatic genome editing to enhance characteristics without a 
medical purpose entails. 

 
The possibility that methods developed for medical purposes could 
also be used to enhance characteristics means that risks of this kind 
need to be addressed at an early stage, when new methods are de-
veloped. 

Heritable genome editing 

In a discussion of the potential benefits of heritable genome editing 
in humans, according to Smer a distinction needs to be made between 
cases where there is a risk that a future child will suffer from a 
(serious) genetic disorder; cases involving the treatment of genetic 
infertility; and cases where the aim is to achieve genetic enhance-
ments in the child, meaning the introduction of new gene variants 
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that are not present in the parents’ genomes and which are associated 
with, for example, increased protection against disease or enhance-
ment of a certain physical or mental characteristic. 

According to Smer, in the interests of a future, not yet existing, 
child, it is central that the reproductive method used offers the 
foundations for good health in the child. To be able to avoid the 
future child inheriting gene variants that carry the risk of serious 
genetic disorders is an important part of this, as is also keeping the 
risks of the method itself to a minimum. In the first two types of 
cases, there are lower-risk reproductive methods than germline 
genome editing available. In genetic infertility and where there is a 
risk of serious genetic disorder, donor embryos or gametes can be 
an alternative. For most couples carrying gene variants that can cause 
a serious genetic disorder, pre-implant genetic testing can be used 
(even though there are exceptions to this). All in all, it is therefore 
doubtful at present whether heritable genome editing where there is 
a risk of a serious genetic disorder or of genetic infertility can generally 
be justified based on the interests of the future child. The benefits in 
these cases mainly concern the prospective parents being able to 
have genetically related children (in the case of genetic infertility) 
and genetically related children without the disorder (in the case of 
a risk of a serious genetic disorder). 

However, in situations where the aim is to achieve genetic en-
hancements, germline genome editing could give the child born 
better opportunities in life than other available reproductive alter-
natives. In such cases, the method could be justified based on the 
best interests of the future child, provided that the risks are deemed 
acceptable. 

The medical risks associated with germline genome editing con-
cern both intended and unintended changes. Smer is of the opinion 
that the medical risks of heritable genome editing cannot be evaluated 
in the same way as in somatic genome editing, which is about curing 
or treating an existing person. In germline genome editing, the fact 
that the (potentially) sick individual does not exist must be taken 
into account. The decision is about saying yes or no to a reproductive 
method that may have greater or lesser inherent risks. In this situa-
tion, the community’s responsibility for assuring, as far as possible, 
everyone's right to the best attainable health comes into play. Smer 
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is of the view that two requirements must be met for the medical 
risks of heritable genome editing in humans to be deemed acceptable: 
 

• A prerequisite for contemplating permitting heritable genome 
editing in humans is the existence of reliable preclinical data 
that provides evidence that it is possible to make precise 
changes to genes in the human germline safely. 

• For each intended change, the cumulative state of knowledge 
must provide evidence that the change will have the intended 
effect and not risk leading to other undesirable effects on the 
future child due to the gene in question potentially having 
other functions in the body. 

In spite of the significant progress made over the last decade in being 
able to make precise changes in the genome, including in embryos, 
the safety requirement is currently still not fulfilled, according to 
Smer’s assessment. However, technological development in the area 
of genome editing is intense, and it is likely that in the not-too-
distant future there will be preclinical data indicating that genome 
editing – as far as can be established at the preclinical level – can be 
carried out in cells in the germline in a way that meets reasonable 
safety standards. 
 

According to Smer, if the medical requirements are met, an 
argument in favour of allowing clinical studies, and ultimately 
therapies, is that it may provide further options for parenthood 
for prospective parents who currently have no or only limited 
options for getting genetically related children or genetically 
related children without serious genetic disorders. This argument 
gains greater weight the more serious the disorder the child is at 
risk of having, and the fewer alternatives that are available. 

 
However, when deciding whether or not heritable genome editing 
should be permitted, and if so in what applications, according to Smer 
aspects other than medical safety and the reproductive interests of the 
prospective parents need to be taken into account. Heritable genome 
editing in humans raises a number of questions about solidarity, 
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tolerance, self-determination, equality, our view on humanity and 
our responsibility for future generations. In a society where it is con-
sidered ‘normal’ to use reproductive methods to optimise the health 
of the future child, there is a risk that solidarity with those with 
disorders and disabilities, or other individuals who do not fit society’s 
norms, will be impacted negatively. It may also mean that we start 
seeking ‘technological’ solutions to the task of creating a society 
with equal opportunities for all. 

Heritable genome editing to achieve genetic enhancements can 
mean particular risks to the community. These include the risk of 
greater inequality (genetic class divides), a shift in norms and reduced 
tolerance of those ‘less than perfect’ and, ultimately, contesting of the 
principle of human dignity and the right of every human being to be 
respected as they are. The extent of these risks is largely unclear. An 
important question therefore is how society should deal with this 
uncertainty. Smer’s opinion is that where decisions can impact fun-
damental social values and where there is significant uncertainty in 
our knowledge, the fundamental attitude must be precautionary. 
 

According to Smer, heritable genome editing in humans should 
only be considered in those cases, and under those circumstances, 
where there are very good reasons to believe that it will not lead 
to a trend towards greater social inequality, greater vulnerability 
for already vulnerable groups, or threats to human dignity. 

 
Heritable genome editing could be used to change the genes of a 
future child in a way that limits the child’s autonomy or reduces its 
opportunities in life. Heritable genome editing in humans therefore 
raises the question of the reproductive rights of parents in relation 
to the community’s responsibility to protect those who are unable 
to safeguard their own interests, and the extent to which this re-
sponsibility also extends to future generations. 
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Smer does not believe that the right to reproductive autonomy 
implies an unlimited right to decide on the genetic foundations 
of future children. In these cases, the principle of the best interests 
of the child must be paramount. Any changes made to the genome 
must always be based on and anticipated to benefit the interests 
of the future child. 

 

Smer’s overall conclusion is that heritable genome editing in 
humans raises important questions about the need for and pos-
sibility of drawing a line between ethically acceptable and unac-
ceptable applications that needs a response before any future 
decision is made to open the way for certain applications. 

Further social debate is needed 

Genome editing in humans, both heritable and somatic, poses fun-
damental questions about what kind of people we want to be and 
what kind of society we want to live in, as well as how we should 
deal with the uncertainty that exists and what risks we are prepared 
to take in order to achieve various conceivable goals. Genome editing 
in humans also raises the question of whether it is society or people 
that should be changed in order to give everyone equally good chances 
in life. According to Smer, it is important that discussion of these 
issues continues as part of further social debate on the opportunities 
and risks associated with genome editing technology. 

Recommendations 

Genome editing in humans raises fundamental ethical questions 
about health and well-being, autonomy, equality, solidarity, human 
dignity and how we view our humanity among other things. The 
purpose of the Council’s recommendations is twofold: on the one 
hand, to create good conditions for realising the potential of genetic 
engineering to promote human health, functional ability, and quality 
of life; and on the other hand, to manage the potential and not always 
easily assessable risks for individuals, specific groups and the com-
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munity at large that this technology can entail, and which have been 
identified in the Council’s analysis. 

The ban on changes in the germline should remain 

According to Smer, when contemplating permitting heritable genome 
editing in humans, reliable preclinical data that provides evidence that 
it is possible to make precise changes to genes in the human germline 
safely and without unintended changes is absolutely essential. Ac-
cording to Smer’s assessment, this requirement is not met today. 
The current ban on experiments or therapies that lead to genetic 
changes that can be passed on to descendants should therefore remain 
in place, according to Smer. 

A temporary halt to somatic genome editing outside 
the healthcare system should be introduced 

Genome editing to enhance characteristics without a medical pur-
pose can involve particular risks to society in terms of greater in-
equalities, less tolerance and a threat to human dignity. There are 
also shortcomings in the current Swedish regulation designed to 
protect individuals from being exposed to undue risks. In light of 
this, Smer believes that somatic genome editing for non-medical 
purposes should not be used before we as a society have decided 
whether and in what situations somatic genome editing could be 
used where there is no medical purpose. Smer therefore considers 
that a ban on somatic genome editing therapies outside the health-
care system should be introduced until such time as these issues have 
been investigated. 

A commission of inquiry should be appointed as a matter of 
urgency with the task of reviewing the regulation governing 
genome editing in humans 

Technological development has sparked the need for a review of the 
current regulatory framework and a deeper investigation of the values 
that should guide this regulation moving forward. There is a need for 
a comprehensive approach to the question of therapies based on the 
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new genome editing technology, both within and outside the health-
care system. It is extremely important to have a regulatory frame-
work in place to deal with the ethical considerations and to create 
good conditions for the technology to benefit patients. Smer there-
fore proposes that a commission of inquiry be appointed as a matter 
of urgency to shed light on these questions and to provide proposals 
for future regulation of genome editing in humans. Two questions 
for the inquiry that Smer particularly seeks to highlight are appli-
cations of somatic genome editing outside the healthcare system, 
and future applications of heritable genome editing. 

Applications of somatic genome editing in humans outside 
the healthcare system 

Treatments based on somatic genome editing may come to be offered 
outside the healthcare system to enhance characteristics without a 
medical indication. These may be treatment originally developed for 
medical purposes (dual use) or treatments developed directly to en-
hance various mental or physical characteristics. 

For somatic genome editing outside the healthcare system that 
does not constitute a cosmetic treatment, there is currently no specific 
regulation that protects the individual from being exposed to undue 
medical risks. Additionally, genome editing to enhance character-
istics without a medical purpose can involve particular risks to society 
in terms of greater inequalities, less tolerance and a threat to human 
dignity. Smer is of the opinion that great importance must be attached 
to the potential risks to human dignity and other fundamental social 
values entailed by somatic genome editing merely to enhance charac-
teristics and without a medical purpose. The Council believes that 
an inquiry ought to review what should apply for applications of 
somatic genome editing outside the healthcare system. 

Future applications of germline genome editing 

The last decade’s technological development in the area of genome 
editing has been intense, and it is likely that in the not-too-distant 
future there will be preclinical data that will provide evidence that 
genome editing – as far as can be established at the preclinical level – 
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can be carried out in human cells in the germline in a way that meets 
reasonable safety standards. In such a situation, there may be strong 
pressure to proceed to clinical trials for certain applications. One 
argument in favour of allowing clinical studies and ultimately therapies 
at that point, according to Smer, is that it may provide further options 
for parenthood for prospective parents who currently have no or 
only limited options for getting genetically related children or ge-
netically related children without serious genetic disorders. 

However, when deciding whether or not germline genome 
editing should be permitted, and if so in what applications, according 
to Smer aspects other than medical safety and the reproductive 
interests of the prospective parents need to be taken into account. 
Heritable genome editing in humans raises a number of questions 
about solidarity, tolerance, self-determination, equality, our view on 
humanity and our responsibility for future generations. These ques-
tions require a thorough ethical analysis and broad debate in the 
community. In order for Sweden to be well prepared when germline 
genome editing is judged safe, we need to continue to discuss and 
investigate whether and under what circumstances applications of 
heritable genome editing in humans are ethically acceptable. Smer is 
of the opinion that the proposed inquiry should investigate and adopt 
a position on these questions. 

The role of ethics in the process from basic research 
to application should be strengthened 

In order to capitalise on the potential of genome editing technology 
while minimising the risk of undesirable consequences for the indi-
vidual and society, ethical issues must be addressed at every stage – 
from research and development to application in and outside the 
clinic. Smer’s assessment is that there is a need for efforts to strengthen 
the role of ethics in this process. 
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Develop the ethical review process for research projects 
involving genome editing 

According to Smer, there is reason to consider the wider social im-
plications and how the research might affect future generations in 
the ethical review of research projects to a greater extent than is 
currently the case. This is especially true for research involving 
genome editing, since such research can have far-reaching conse-
quences for the community. 

To be able to assess risks of this kind, the panels that review 
research projects involving genome editing should include scientists 
with specialist knowledge in genetics, as well as lawyers and ethicists 
with competence in genetics. One possibility that should be con-
sidered is centralising these reviews to a specific department within 
the Swedish Ethical Review Authority. This would create a pool of 
competence, and also continuity. 

Stimulate ethical reflection early in the research process 

Researchers are the group in society that first comes into contact 
with new knowledge and technologies, and they have a particular 
responsibility to make the public and decision-makers aware of any 
ethical issues that the development raises. Smer is of the opinion that 
researchers need to be stimulated, to a greater extent than is the case 
today, to reflect on the ethical issues that new knowledge and new 
methods might raise. For example, research bodies should arrange 
mandatory regular training in ethics, and have research ethics guide-
lines and rules and regulations, for all researchers. By requiring an 
analysis of the ethical issues in applications for grants, research 
funding bodies can stimulate ethical reflection among researchers 
and within their own operations.  
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Create a register of research funding applications related 
to genome editing 

All research projects that involve any form of genome editing, in-
cluding basic research and preclinical research, should be listed in a 
national register. This will provide a comprehensive picture of deve-
lopment in this field of research for the relevant authorities and bodies. 

Task a body at national level with monitoring developments 
in this research 

In order to capture new research that needs to be the object of social 
debate and policy decisions, an existing or newly appointed group 
within the Swedish Research Council or some other government 
agency should be tasked with monitoring developments in this re-
search nationally and internationally. 

Establish a national function for the ethical review of advanced 
therapies before they are introduced into the healthcare system 

Smer sees a need to take into account the wider social implications 
in the assessment of new therapies in a way that is not currently 
happening. This applies in particular to therapies based on somatic 
genome editing, given the possibility of dual use and the long-term 
risks that such therapies may entail. In order to ensure consistency 
across these reviews and to promote knowledge development, this 
type of ethical review should be carried out at the national level. It is 
Smer’s opinion that the Swedish Government should consider estab-
lishing a national function responsible for reviewing new treatment 
methods such as therapies based on somatic genome editing from an 
ethical and a scientific point of view prior to them being introduced 
into the healthcare system. This function should consider whether 
offering the therapy in Sweden should be recommended or not. 
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Steps should be taken to ensure that new effective therapies 
are made available to patients 

Assure fair and equitable access to new effective therapies 

In many instances, therapies based on somatic genome editing are 
likely to be offered as expensive treatments that are given on a single 
occasion. This may create specific challenges in the assessment of 
the therapy’s health economics and in financing, which may lead to 
access to medicinal products not being fair and equitable for patients. 
In Smer's opinion, it is important that work on developing methods 
for assessing the health economics of advanced therapy medicinal 
products continues, and that the ethical implications of different 
models are noted. 

The national process for an orderly introduction of new therapies 
does not appear to have dealt fully with geographical inequalities, 
where regions differ in how rapidly they introduce new therapies. 
Furthermore, for medicinal products which have undergone an orderly 
introduction, differences in their use between population groups with 
different levels of education can still be observed. These are issues 
that need attention and where a solution needs to be found. 

Create good conditions for clinical studies 

Good conditions nationally for clinical studies are beneficial from a 
public health point of view. The Swedish Government’s life science 
strategy emphasises the importance of strengthening the conditions 
for clinical studies in Sweden. Smer shares the Government’s assess-
ment that better conditions should be created for clinical studies in 
Sweden. 

The issue of whether certain types of gene therapy fall outside 
the definition of a medicinal product under current regulations 
should be reviewed 

Somatic applications of genome editing are generally defined as medi-
cinal products under Swedish and EU legislation. However, some 
therapies based on genome editing could fall outside the definition 
of a medicinal product under the current regulatory framework and 



Smer 2022:1 Summary 

27 

therefore not be subject to the conditions that apply in the medicinal 
product legislation. What currently applies and what should apply to 
somatic gene therapy methods that may not fall under the medicinal 
product legislation must be clarified. This is to ensure predictability 
and equivalence when assessing the safety and efficacy of these 
methods as well as a consistent and balanced approach to their ethical 
review. 

Efforts should be made to expand and deepen social debate 
on the topic 

It is particularly important to continue, deepen and broaden social 
debate on the new genome editing technology, its potential appli-
cations and the ethical issues that these applications raise. The debate 
should include decision-makers, researchers, patients, the public and 
groups who could be at risk of increased vulnerability. Smer proposes 
that resources be allocated to various government agencies and other 
organisations to increase knowledge about this technology and to 
stimulate discussion in the general population. 

International cooperation should be strengthened 

There is a great need for international cooperation and guidelines for 
the future use of genome editing technology. Sweden should work 
actively in the international arena for responsible research and the 
development of good standards and rules for future applications of 
genome editing in humans. 
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